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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fingerprint 
sensor of a structure not destroying a switching element 
or the like even when static electricity is discharged 
between a finger and a sensing pad electrode. 
SOLUTION: This device is provided with the switching 
element Tr formed on a semiconductor substrate (or a 
semiconductor layer supported by a substrate) 2, and 
the sensing pad electrode SP connected to one impurity 
area 6b of it for inducing electric charges for an amount 
corresponding to a capacitance value between a 
detection object (finger) and the electrode or supplying 
them through the switching element Tr. A protective 
means connected to the sensing pad electrode SP for 
releasing excessive electric charges impressed or stored 
on the sensing pad electrode SP t a protective diode Di 
for instance, is formed on the semiconductor substrate 
2. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A semiconductor device with 
which a safeguard which misses a 
superfluous charge which is 
characterized by providing the following, 
and which is a semiconductor device, was 
connected to the above-mentioned 
sensing pad electrode, and was impressed 
or accumulated in a sensing pad electrode 
is formed in the above-mentioned 
semiconductor substrate or a 
semiconductor layer A switching element 
formed in a semiconductor layer 
supported by a semiconductor substrate 
or substrate A sensing pad electrode with 
which it connects with one impurity 
range of the switching element concerned, 
and a charge of an amount according to 
an electrostatic -capacity value between 
detection objects is supplied through 
induction or the above-mentioned 
switching element 

[Claim 2] The above-mentioned 
safeguard is a semiconductor device 
according to claim 1 which is the diode 
which consists of the 1st impurity range 
of the 1st conductivity type formed in a 
front face of the above-mentioned 
semiconductor substrate or a 
semiconductor device, and the 2nd 
impurity range of the 2nd conductivity 
type formed in a front face in the 1st 
impurity range concerned. 
[Claim 3] A semiconductor device 



according to claim 2 with which 
pressure-proofing of the 2nd impurity 
range of the above on the basis of 
potential of the 1st impurity range of the 
above is set up lower than 
pressure-proofing of one impurity range 
of a switching element to which the 
above-mentioned sensing pad electrode 
was connected. 

[Claim 4] The above-mentioned switching 
element is a semiconductor device 
according to claim 1 which is the 
insulated-gate field-effect transistor 
turned on or turned off according to 
control voltage impressed to the gate. 
[Claim 5] A switching element formed in 
a semiconductor layer supported by a 
semiconductor substrate or a substrate 
characterized by providing the following, 
A sensing pad electrode with which it 
connects with one impurity range of the 
switching element concerned, and a 
charge of an amount according to an 
electrostatic-capacity value is supplied 
through induction or the 

above-mentioned switching element 
between detection objects, A manufacture 
method of a semiconductor device of 
having a safeguard which misses a 
superfluous charge which connected with 
the above-mentioned sensing pad 
electrode, was formed in the 
above-mentioned semiconductor 
substrate or a semiconductor layer, and 
was impressed or accumulated in a 
sensing pad electrode The 1st impurity 
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range of the 1st conductivity type formed 
in a front face in the above-mentioned 
semiconductor substrate or a 
semiconductor layer as the 
above-mentioned safeguard The 2nd 
impurity range of the 2nd conductivity 
type formed in a front face in the 1st 
impurity range concerned 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention 
belongs] This invention can be used as an 
electrostatic -capacity- type fingerprint 
sensor, and relates to the semiconductor 
device and its manufacture method of the 
structure where destruction of the 
switching element by static electricity etc. 
can be prevented effectively. 
[0002] 

[Description of the Prior Art] a principal 
[ in / in the fingerprint authentication 
system conventionally used for uses, such 
as close leaving management, in many 
cases / the security system on recent 
years and a computer network, a 
personal digital assistant, etc. ] it has 
been observed as an authentication tool. 
There are the optical detecting method 
and the electrostatic-capacity type 
detecting method in the fingerprint 
detection method used by the fingerprint 
authentication system. The 
electrostatic-capacity type detecting 



method is the method of detecting the 
electrostatic -capacity value between the 
electrode of a fingerprint sensor, and a 
finger (only henceforth capacity value), 
and since the electrostatic-capacity type 
which is easy to miniaturize equipment is 
advantageous to carrying in a personal 
digital assistant etc., development of an 
electrostatic -capacity type fingerprint 
sensor is furthered positively. 
[0003] Drawing 6 is the eel cross section 
of an electrostatic-capacity-type the 
semiconductor device for fingerprint 
detection. Although especially this 
semiconductor device for fingerprint 
detection (only henceforth a fingerprint 
sensor) is not illustrated, it has the eel 
array structure which has arranged 
many square eels in the shape of a matrix. 
[0004] The isolation insulating layer 101 
is formed on the front face of the 
semiconductor substrate 100 in the eel 
shown in drawing 6 , and the gate 
electrode 103 which serves as a word line 
through the gate insulator layer 102 is 
formed on the active region around the 
isolation insulating layer 101. The source 
drain impurity ranges 104a and 104b are 
formed in the active region of gate 
electrode 103 both sides. Thereby, the 
transistor Tr for switching is formed for 
every cel. The 1st inter layer insulation 
film 105 is formed on the source drain 
impurity ranges 104a and 104b of 
Transistor Tr, and the isolation insulating 
layer 101, and the bit line BL and the 
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connection layer 106 are formed on the 
1st interlayer insulation film 105. And 
one source drain impurity range 104a of 
Transistor Tr is connected to the bit line 
BL. 

[0005] The 2nd interlayer insulation film 
107 is formed on a bit line BL and the 
connection layer 106, and the sensing pad 
electrode SP is formed on the 2nd 
interlayer insulation film 107. The 
sensing pad electrode SP consists of 
layered products, such as a barrier metal 
layer which consists of Ti etc., and an 
aluminum layer, etc., and is connected to 
source drain impurity range 104b of 
another side of Transistor Tr through the 
connection layer 106. Although especially 
the sensing pad electrode SP is not 
illustrated, the whole region is mostly 
formed by the rectangular pattern of a eel 
isolated between bonnet eels. The 
protective coat 108 which consists of 
silicon nitride is formed throughout the 
front face of a semiconductor chip so that 
the upper surface and the side of the 
sensing pad electrode SP may be covered. 
[0006] Thus, if a finger describes the 
fingerprint recognition side (upper 
surface of drawing 6 ) of the fingerprint 
sensor constituted at the time of 
actuation, electrostatic capacity 
(capacitor) will be formed in it between 
the sensing pad electrode SP and a finger 
through a protective coat 108. At this 
time, a protective coat 108 functions as a 
part of capacitor insulator layer. Since 



each cell size is usually formed more 
narrowly than the fingerprint pitch of a 
finger, the capacity value of this capacitor 
changes continuously between the eels of 
the direction which crosses a fingerprint. 
Concretely, in the eel which the heights of 
a fingerprint touch actually, capacity 
value serves as [ capacitor insulator layer 
thickness ] max almost in accordance 
with the thickness of a protective coat 
108. Capacity value gradually decreases 
as it separates from the eel of this 
capacity max, and the minimum value is 
taken in the eel corresponding to the 
valley period heart between the heights 
of a fingerprint. If distribution of such 
capacity value change is taken 
two-dimensional within a eel array, the 
fingerprint of an everybody proper is 
detectable. 

[0007] For example, the bit line BL is 
precharged to predetermined potential 
(for example, supply voltage VCC or 
touch down potential), the word line WL 
chosen at the time of fingerprint 
detection is activated, and the transistors 
Tr which are the switching elements 
connected to the word line WL concerned 
are made to turn on all at once. Thereby, 
the charge of the amount corresponding 
to the electrostatic-capacity value 
according to the distance of the sensing 
pad electrode SP and fingerprint of a 
finger is supplied from a bit line BL for 
every cel. Or the charge by which 
induction was carried out to the sensing 
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pad electrode SP according to the 
electrostatic-capacity value of a eel 
proper is emitted to a bit line BL. 
Therefore, in the bit line group in a 
fingerprint sensor, the potential change 
corresponding to the 1- dimensional 
fingerprint pattern of the direction of a 
word line concerned appears. It is the 
fingerprint sensor exterior or the interior, 
for example, this potential change is 
changed into a digital signal after 
amplification, and is accumulated in the 
response address of a predetermined 
storage means. If only the number of 
word lines performs this actuation 
continuously for a short time, the image 
data corresponding to a two-dimensional 
fingerprint pattern can be obtained. 
[0008] 

[Problem(s) to be Solved by the 
Invention] However, since human being f s 
body may generally be charged, in the 
above-mentioned conventional 
fingerprint sensor, as shown in drawing 
7 , when the electrified man brings a 
finger 200 close to the fingerprint 
detection side of a fingerprint sensor, 
static electricity may discharge to the 
sensing pad electrode SP, and a 
fingerprint sensor may be damaged. 
[0009] It is in the semiconductor device of 
the structure where a switching element 
etc. is not destroyed even if the object of 
this invention has discharge of static 
electricity by the finger and sensing pad 
inter-electrode on the occasion of 



fingerprint detection, and offering the 

manufacture method. 

[0010] 

[Means for Solving the Problem] A 
switching element formed in a 
semiconductor layer in which a 
semiconductor device concerning this 
invention was supported by a 
semiconductor substrate or substrate, 
Connect with one impurity range of the 
switching element concerned, and a 
charge of an amount according to an 
electrostatic-capacity value between 
detection objects Induction, Or it is the 
semiconductor device which has a 
sensing pad electrode supplied through 
the above-mentioned switching element. 
It connects with the above-mentioned 
sensing pad electrode, and a safeguard 
which misses a superfluous charge 
impressed or accumulated in a sensing 
pad electrode is formed in the 
above-mentioned semiconductor 
substrate or a semiconductor layer. 
[0011] Suitably, the above-mentioned 
safeguard is diode which consists of the 
1st impurity range of the 1st conductivity 
type formed in a front face of the 
above-mentioned semiconductor 
substrate or a semiconductor device, and 
the 2nd impurity range of the 2nd 
conductivity type formed in a front face in 
the 1st impurity range concerned. 
Moreover, it is desirable to set up lower 
than pressure-proofing of one impurity 
range of a switching element to which the 



-5- 



JP2001-133213A 



above -mentioned sensing pad electrode 
was connected pressure-proofing of the 
2nd impurity range of the above on the 
basis of potential of the 1st impurity 
range of the above in this case. 
[0012] In a semiconductor device of such 
a configuration, if a detection object 
approaches a switching element forming 
face side, according to distance of the 
detection object concerned and a sensing 
pad electrode, an electrostatic-capacity 
value of a capacitor which uses a 
detection object as an electrode on the 
other hand, and uses a sensing pad as an 
another side electrode will become settled. 
In this condition, if a switching element is 
made to turn on, a charge at the time of 
carrying out charge and discharge will 
move the above-mentioned capacitor 
between bit lines. Since size of this 
amount of charges is decided according to 
the above-mentioned 
electrostatic -capacity value, potential 
change of a bit line by charge transfer 
becomes a thing reflecting distance of a 
detection object and a sensing pad 
electrode. Since distance with a detection 
object is detectable with this principle of 
operation, if it arranges in in the shape of 
a matrix many eels which consist of a 
sensing pad electrode and a switching 
element and a eel array is made to 
constitute, it will become detectable 
[ detailed two-dimensional patterns, such 
as a fingerprint, ]. That is, if a eel pitch is 
made sufficiently smaller than a pitch of 



a fingerprint, since distance of a sensing 
pad electrode and a finger will change 
with irregularity of a fingerprint, a 
configuration pattern of a fingerprint is 
obtained by measuring this distance 
distribution by two-dimensional. 
[0013] In a semiconductor device of this 
invention, when static electricity is 
charged on the body at the time of this 
fingerprint detection, even if discharge 
breaks out by finger and sensing pad 
inter-electrode, rapid electrification 
migration by this discharge does not pass 
through the inside of a switching element. 
That is, a charge generated by this 
discharge flows in a semiconductor 
substrate or a semiconductor layer from a 
safeguard, and is promptly discharged 
from a sensing pad electrode. Therefore, a 
charge generated by discharge is not 
impressed to an electrode of a switching 
element to which a sensing pad electrode 
was connected. Or even if impressed 
momentarily, it is removed immediately. 
[0014] A switching element formed in a 
semiconductor layer in which a 
manufacture method of a semiconductor 
device concerning this invention was 
supported by a semiconductor substrate 
or substrate, A sensing pad electrode with 
which it connects with one impurity 
range of the switching element concerned, 
and a charge of an amount according to 
an electrostatic-capacity value is supplied 
through induction or the 
above-mentioned switching element 
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between detection objects, It is the 
manufacture method of a semiconductor 
device of having a safeguard which 
misses a superfluous charge which 
connected with the above-mentioned 
sensing pad electrode, was formed in the 
above-mentioned semiconductor 
substrate or a semiconductor layer, and 
was impressed or accumulated in a 
sensing pad electrode. As the 
above-mentioned safeguard The 1st 
impurity range of the 1st conductivity 
type formed in a front face in the 
above-mentioned semiconductor 
substrate or a semiconductor layer, In 
case diode which consists of the 2nd 
impurity range of the 2nd conductivity 
type formed in a front face in the 1st 
impurity range concerned is formed, a 
slanting ion implantation is used at least 
at the time of formation of the 1st lateral 
impurity range. 

[0015] By manufacture method of this 
semiconductor device, when a safeguard 
consists of diode, a slanting ion 
implantation is used at the time of 
formation of the 1st impurity range of an 
outside which constitutes pn junction of 
the diode concerned, and a predetermined 
impurity is introduced into a front face of 
the specified quantity, a semiconductor 
substrate, or a semiconductor layer at it. 
Formation of the 2nd next impurity range 
can be performed using the same 
ion-implantation mask as the time of 
formation of this 1st impurity range (for 



example, a resist or a pattern of an 
insulator layer). If it carries out without 
performing an ion implantation at the 
time of formation of the 2nd impurity 
range at an angle shallower than the 
time of the 1st impurity range formation, 
or hardly attaching an angle, the 2nd 
impurity range where round area is small 
will be formed in a front-face side in the 
1st impurity range in self align. 
[0016] 

[Embodiment of the Invention] Drawing 
1 is the plan of the 
electrostatic-capacity-type the 
semiconductor device for fingerprint 
detection concerning this operation 
gestalt (henceforth, fingerprint sensor). 
The cross section where drawing 2 met 
the A-A* line in drawing 1 , and drawing 3 
are the expanded sectional views of the 
protection diode in drawing 2 . 
[0017] As shown in each eel of this 
fingerprint sensor 1 at drawing 2 , the 
isolation insulating layer 3 is formed in 
the front face of the semiconductor 
substrate (good also in the semiconductor 
layer on a substrate) 2, and the gate 
electrode 5 which serves as a word line 
WL through the gate insulator layer 4 is 
formed on the active region around the 
isolation insulating layer 3. for example, 
the gate insulator layer 4 - number - 
from an about tennm silicon oxide film -- 
becoming -- the gate electrode 5 - 100 
several 10- it consists of hundreds of nm 
polish recon or a polycide. The source 
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drain impurity ranges 6a and 6b where n 
mold impurity was comparatively 
introduced into high concentration are 
formed in the active region of gate 
electrode 5 both sides. Thereby, the 
transistor Tr for switching is formed for 
every cel. 

[0018] The 1st interlayer insulation film 
7 which consists of silicon oxide is formed 
on the source drain impurity ranges 6a 
and 6b of Transistor Tr, and the isolation 
insulating layer 3. It pierces through an 
insulating layer 7 between the 1st layer, 
and plug 8a which reaches source drain 
impurity range 6a, and plug 8b which 
reaches source drain impurity range 6b 
are formed. 

[0019] On the 1st interlayer insulation 
film 7, the bit line BL and the connection 
layer 9 are formed. The bit line BL is 
connected to one source drain impurity 
range 6a of Transistor Tr by being formed 
on plug 8a. Similarly, the connection 
layer 9 is connected to source drain 
impurity range 6b of another side of 
Transistor Tr by being formed on plug 8b. 
[0020] The 2nd interlayer insulation film 
11 is formed on the bit line BL and the 
connection layer 9. In the 2nd interlayer 
insulation film 11, the plug 12 of the 2nd 
layer which touches on the connection 
layer 9 is embedded. And the sensing pad 
electrode SP is formed on the 2nd 
interlayer insulation film 11 in contact 
with this plug 12 top of the 2nd layer. The 
sensing pad electrode SP consists of 



layered products, such as a barrier metal 
layer which consists of Ti etc., and an 
aluminum layer, etc., and is connected to 
source drain impurity range 6b of 
another side of Transistor Tr through a 
plug 12, the connection layer 9, and plug 
8b. The sensing pad electrode SP is 
mostly formed in the whole region by the 
rectangular pattern of a eel isolated 
between bonnet eels. And as this sensing 
pad electrode SP shows drawing 1 , a 
large number are regularly arranged in 
the shape of a matrix within the eel array 
of the fingerprint sensor concerned. 
[0021] The protective coat 14 which 
consists of silicon nitride is formed 
throughout the front face of a 
semiconductor chip so that the upper 
surface and the side of the sensing pad 
electrode SP may be covered. 
[0022] Although the above configuration 
is the same as usual almost, as shown in 
drawing 2 , by the fingerprint sensor 1 
concerning this operation gestalt, the 
protection diode Di connected to each 
sensing pad electrode SP is formed in the 
front face of the semiconductor substrate 
2. The protection diode Di consists of a 
cathode impurity range 20 which 
introduced n mold impurity into high 
concentration comparatively, and was 
formed in the silicon front face under the 
isolation insulating layer 3, and an anode 
impurity range 21 which introduced p 
mold impurity into high concentration 
comparatively, and was formed in the 
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front-face side in the cathode impurity 
range 20 in an area somewhat smaller 
than the cathode impurity range 20 
concerned so that it may expand to 
drawing 3 and may be shown, the anode 
impurity range 21 top - the isolation 
insulating layer 3 and the 1st interlayer 
insulation film (it omits in drawing 3 ) -- 
piercing the plugs 8a and 8b of the 1st 
layer of drawing 2 , simultaneously 
formed plug 8c - formation - now, it is. 
This plug 8c is connected to the sensing 
pad electrode SP like the connection 
structure by the side of Transistor Tr 
through the connection layer 10 on the 
1st interlayer insulation film, and the 
plug 13 of the 2nd layer embedded in the 
2nd interlayer insulation film 11. 
[0023] In manufacture of such a 
fingerprint sensor of a configuration, 
Transistor Tr is formed by the same 
method as usual, namely, the front face of 
the semiconductor substrate (or a SOI 
silicon layer and p a well is also good) 2 
which consists of a silicon wafer of p mold, 
for example although not illustrated 
especially - LOCOS the isolation 
insulating layer 3 is formed using law. 
The front face of the active region of the 
isolation insulating-layer 3 perimeter is 
thinly oxidized thermally, for example, 
and the gate insulator layer 4 is formed. 
On the whole surface, the polish recon 
used as the gate electrode 30 (word line 
WL) is formed by CVD, and a 
predetermined impurity is introduced 



and electric conduction-ized after 
membrane formation in the middle of the 
membrane formation on it. After forming 
refractory metal silicide on polish recon if 
needed, pattern NINGU of this electric 
conduction film and the gate insulator 
layer 4 is carried out. Thereby, the 
layered product of the gate insulator 
layer 4 and the gate electrode 5 is formed. 
By the ion implantation of n mold 
impurity which uses this layered product 
and the isolation insulating layer 3 as a 
self-align mask, the source drain 
impurity ranges 6a and 6b are formed in 
the active region of gate electrode 5 both 
sides. If predetermined activation 
annealing is performed, the transistor Tr 
for switching will be formed. 
[0024] Silicon oxide etc. is deposited with 
a CVD method, the 1st interlayer 
insulation film 7 which covers the 
above-mentioned transistor Tr is formed, 
and flattening of the front face is carried 
out. In addition, in this example, the 
upper surface of the gate electrode 5 has 
expressed at the time of this flattening. 
On the 1st interlayer insulation film 7, 
the polish recon film of the 2nd layer is 
formed, pattern NINGU of this is carried 
out, and a bit line BL and the connection 
layer 9 are formed. The 2nd interlayer 
insulation film 11 which consists of 
silicon oxide is formed so that a bit line 
BL and the connection layer 9 may be 
embedded. In the 2nd interlayer 
insulation film 11, the plug 12 which 
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touches on the connection layer 9 is 
formed for example, by a blanket 
tungsten embedding method etc. 
[0025] With this operation gestalt, it is 
the process of the back before formation 
of Transistor Tr, or the protection diode 
Di is formed in the bottom of the isolation 
insulating layer 3, carrying out a process 
in common in part depending on the case. 
A cross section shows the formation 
method of this protection diode to 
drawing 4 . 

[0026] First, the opening of the diode 
formation field was carried out, for 
example, the mask layers 22, such as a 
resist, are formed on the isolation 
insulating layer 3. As shown in drawing 4 
(A), RIE etc. is performed by using this 
mask layer 22 as an etching mask, and 
the silicon side which should form diode 
is exposed. 

[0027] After setting whenever [ over the 
substrate side of ion / incident angle ] as 
45 degrees, with the mask layer 22 
attached as shown in drawing 4 (B) for 
example, they are impregnation energy 
75keV and douse Ixl015-/cm2 about 
phosphorus ion (P+). An ion implantation 
is carried out on conditions. Thereby, 
phosphorus ion (P+) is introduced into 
the semiconductor substrate 2 under the 
isolation insulating layer 3 in a large 
area larger than opening 3a of a 
surroundings lump and the isolation 
insulating layer 3. 

[0028] Then, as shown in drawing 4 (C), 



whenever [ incident angle / of ion ] is 
small set up with 7 times from a field 
vertical to a substrate side, and the 2nd 
ion implantation is performed. By this 
2nd ion implantation, it is boron ion 
(BF2+), for example Impregnation energy 
35keV and 5xl015/of douse cm 2 An ion 
implantation is carried out on conditions. 
Thereby, although it turns a little to the 
bottom of the isolation insulating layer 3, 
since the impregnation angle is smaller 
than the 1st ion implantation, boron ion 
(BF2+) is n+. It is an area somewhat 
smaller than impregnation field 20' of an 
impurity, and is p+. Impregnation field 
2Y of an impurity is n+. It is formed in 
the front-face side in impregnation field 
20* of an impurity. 

[0029] The mask layer 22 is removed, and 
if activation annealing is performed 
separately, the protection diode Di of 
activation and coincidence of the 
impurity range of Transistor Tr, or the 
structure shown in drawing 3 will be 
formed, after that plug 8b by the side of 
the transistor of drawing 2 , the 
connection layer 9, a plug 12, and 
******** " it is the same process, and 
plug 8c, the connection layer 10, and a 
plug 13 are formed on the protection 
diode Di, and the connection structure to 
a sensing pad electrode is completed. 
[0030] Cascade screens, such as Ti or 
Ti/TiN/Ti, are formed by the sputtering 
method, and aluminum alloys, such as 
aluminum or aluminum silicide, are 
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made to deposit by the sputtering method 
further on the 2nd interlayer insulation 
film 11, so that it may touch on the plug 
12 of the 2nd layer, and 13. This cascade 
screen is separated in the shape of a grid 
in pattern NINGU, and the sensing pad 
electrode SP which consists of layered 
products, such as a barrier metal layer 
and an aluminum layer, is formed. 
[0031] For example, with a CVD method, 
as it embeds a bonnet and inter-electrode 
for the sensing pad electrode SP top, 
silicon nitride is made to deposit on the 
whole surface, and a protective coat 14 is 
formed. The fingerprint sensor 1 
concerned is completed through processes, 
such as carrying out the opening of the 
required portions, such as a bonding pad, 
to a protective coat 14 after that. 
[0032] Below, actuation of the fingerprint 
sensor 1 concerning this operation gestalt 
is explained. Drawing when a detector ed 
touches drawing 5 (A) with the 
fingerprint sensor 1 with a finger, and the 
expanded sectional view which illustrates 
the physical relationship of a fingerprint 
and a fingerprint sensor are shown. 
Moreover, the representative circuit 
schematic of two eels corresponding to 
each pole of the irregularity of a 
fingerprint is shown in drawing 5 (B) at 
this time. In addition, actually, in order to 
obtain high resolution, the pitch of a eel is 
fully smaller [ in this drawing, it is 
greatly drawn as if the eel in the 
fingerprint sensor 1 was formed in the 



pitch which seldom changes to a 
fingerprint, but ] than the magnitude of a 
fingerprint. 

[0033] Generally, if effective area of 
epsilon 0 and a capacitor electrode is set 
to S and inter-electrode distance is set to 
d for the dielectric constant of epsilon and 
a vacuum, the electrostatic-capacity 
value CS of a capacitor can express the 
specific inductive capacity of a capacitor 
dielectric with a degree type. 
[0034] 

[Equation l] CS = epsilonepsilon 0 and 
S/dn - (1) 

[0035] In drawing 5 , by the condition of 
not performing fingerprint detection, in 
all the eels formed in the fingerprint 
detection side (upper surface of drawing 
2 ) of the fingerprint sensor 1, the 
capacitor inter-electrode distance d 
becomes infinity, therefore it is set to 
electrostatic -capacity value CS =0 in all 
eels. 

[0036] When a finger describes the 
fingerprint detection side of the 
fingerprint sensor 1 at the time of 
actuation, as shown in drawing 5 , the 1st 
capacitor CAP 1 is formed through a 
protective coat 14 and an opening 
between the sensing pad electrode SP 1 in 
the 1st eel, and fingerprint 200a of a 
finger 200. Moreover, within the 2nd eel, 
the 2nd capacitor CAP 2 is formed only 
through a protective coat 14 between the 
sensing pad electrode SP 2 and the valley 
of fingerprint 200a. 
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[0037] The electrostatic-capacity value of 
which this capacitor can be calculated by 
the above mentioned (l) formula. Now, it 
is assumed to a fingerprint 200 that a eel 
pitch is small enough. At this time, it 
does not interfere using the specific 
inductive capacity (for example, 
specific-inductive-capacity epsilonox of 
silicon oxide) of an insulator layer 14 with 
the 2nd capacitor CAP 2. On the other 
hand, in the 1st capacitor CAP 1, the 
weighted average efficiency according to 
the distance of the specific inductive 
capacity of an insulator layer 14 and the 
specific inductive capacity of air is used 
as specific inductive capacity epsilon. 
Moreover, since the 1st eel is located in 
the valley of fingerprint 200a also about 
distance d, the inter-electrode distance d 
of the 1st capacitor CS 1 is maximum dl. 
It can approximate, and within the 2nd 
eel, since fingerprint 200a touches on the 
insulator layer 14 of the sensing pad 
electrode SP upper part, the 
inter electrode distance of the 2nd 
capacitor CS 2 can be approximated by 
the insulator layer thickness d2 which is 
the minimum value. 
[0038] Under these premises, the 
electrostatic-capacity value of a capacitor 
CAP 1 takes the minimum value, and the 
electrostatic-capacity value of the 
capacitor CAP 2 in the 2nd eel takes 
maximum. Moreover, the middle eel 
between the 1st eel and the 2nd eel takes 
the electrostatic-capacity value which 



continues, increases gradually or 
dwindles between the minimum value 
and maximums, and changes. 
[0039] In the eel circuitry of drawing 5 (B), 
bit lines BL1 and BL2 are precharged to 
predetermined potential (for example, 
supply voltage VCC or touch-down 
potential), and potential change is carried 
out high-level from a low level for 
activation of the word lines WL1 and 
WL2 chosen at the time of fingerprint 
detection. Thereby, the transistors Trl 
and Tr2 which are the switching 
elements connected to the word lines 
WL1 or WL2 concerned turn on all at 
once. Thereby, the charge of the amount 
corresponding to the 
electrostatic-capacity value of the 
magnitude according to the distance of 
the sensing pad electrode SP and 
fingerprint of a finger is supplied from 
each bit lines BL1 or BL2 for every cel. Or 
the charge by which induction was 
carried out to the sensing pad electrode 
SP according to the electrostatic-capacity 
value of a eel proper is emitted to bit lines 
BL1 or BL2. Therefore, in the bit line 
group in a fingerprint sensor, the 
potential change corresponding to the 
1- dimensional fingerprint pattern of the 
direction of a word line concerned 
appears. 

[0040] It is the load carrying capacity CB 
of CS and a bit line about the 
electrostatic-capacity value of a capacitor. 
Potential change delta Vn appeared to a 
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bit line when Transistor Tr is made to 
turn on where it set and a bit line is 
precharged with supply voltage VCC It 
can express with the following formulas. 
[0041] 

[Equation 2] 

deltaVn = [CS/(CB+CS)], VCC - (2) 
[0042] In the above-mentioned example, 
the electrostatic-capacity value of the 1st 
capacitor CAP 1 from min and the 
electrostatic-capacity value of the 2nd 
capacitor CAP 2 being maxes This bit line 
potential change delta Vn Max is taken 
with the bit line BL2 to which min and 
the 2nd capacitor CAP 2 were connected 
with the bit line BL1 to which the 1st 
capacitor CAP 1 was connected, and 
potential change of the bit line to which 
that middle eel was connected dwindles 
or increases between the maximum 
potential and the minimum potential 
gradually. 

[0043] This potential change delta Vn It is 
the fingerprint sensor exterior or the 
interior, for example, changes into a 
digital signal after amplification, and 
accumulates in the response address of a 
predetermined storage means. If only the 
number of word lines is performed 
continuously for a short time and carries 
out the image processing of this actuation 
if needed, the image data corresponding 
to a two-dimensional fingerprint pattern 
can be obtained. 
[0044] 

[Effect of the Invention] According to the 



semiconductor device concerning this 
invention, electrification of the 
superfluous amount of charges of a 
sensing pad electrode and rapid charge 
transfer are promptly removed by the 
safeguard, and, for this reason, there is 
an advantage that a switching element 
etc. is not destroyed on the occasion of 
fingerprint detection even if there is 
discharge of static electricity by the 
finger and sensing pad inter-electrode. 
Moreover, by the manufacture method of 
the semiconductor device concerning this 
invention, there are few processes for 
forming, the safeguard, for example, 
protection DAODO, for the 
electrostatic-discharge prevention, and 
they end, and there is an advantage 
which can control the increase of cost to 
the minimum. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing ll It is the plan of the 
fingerprint sensor concerning this 
operation gestalt. 

[Drawing 2] It is the cross section which 
met the A-A line in drawing 1 of the 
fingerprint sensor concerning this 
operation gestalt. 

[Drawing 3l It is the expanded sectional 
view of drawing 1 showing the protection 
diode structure in the fingerprint sensor 
concerning this operation gestalt. 
[Drawing 4l In manufacture of the 
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fingerprint sensor concerning this 
operation gestalt, it is the cross section 
showing a protection diode formation 
process especially. 

[Drawing 51 When a detector-ed touches 
the fingerprint sensor concerning this 
operation gestalt with a finger, they are 
the expanded sectional view which 
illustrates the physical relationship of a 
fingerprint and a fingerprint sensor, and 
the representative circuit schematic of 
two eels corresponding to the irregularity 
of a fingerprint. 

[Drawing 6l Drawing 6 is the eel cross 
section of the semiconductor device for 
the conventional electrostatic-capacity 
type fingerprint detection. 
[Drawing 7l Drawing 6 is a mimetic 
diagram for explaining the trouble of the 
semiconductor device for the conventional 
fingerprint detection. 
[Description of Notations] 
1 A fingerprint sensor (semiconductor 
device), 2 - Semiconductor substrate (or 
semiconductor layer), 3 [ - Source drain 
impurity range, ] - An isolation 
insulating layer, 4 - A gate insulator 
layer, 5 ■■ A gate electrode, 6a, 6b 7 The 
1st interlayer insulation film, 8a, 8b, 8c 
9 The plug of the 1st layer, 10 - 
Connection layer, 11 - 12 The 2nd 
interlayer insulation film, 13 - The plug 
of the 2nd layer, 14 - Protective coat, 20 
- A cathode impurity range, 21 ■■ An 
anode impurity range, 20', 2Y Impurity 
installation field, 22 [ - Sensing pad 



electrode, ] - A mask layer, 200 - A finger, 
200a ~ A fingerprint, SP, SP1, SP2 Tr, Trl, 
Tr2 [ - A bit line, WLl grade / - A word 
line and CS / An electrostatic-capacity 
value, CB Bit line capacity. ] - A 
transistor (switching element), Di - 
Protection diode (safeguard), CAP1 grade 
- A capacitor, BL1 grade 
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